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Abstract
The aim of the investigations was to show the effect of different doses of IAA on the development of the root
system of Hydrangea L. and the activity of phenol oxidase, peroxidase and xanthine oxidase. The investigations showed
significant increase of phenol oxidase and peroxidase activity with 200, 300 and 400 µg kg-1 addition of IAA after
rooting of cutting of Hydrangea L. than before planting. The highest % of rooted of cuttings of this plant was obtained
when 400 μg kg-1 of IAA was added to growing media. It was in line with assessment of root system and the length of
roots.
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1. Introduction
There are many ways to look at growing
media production and use, depending on interests. A
good substrate facilitates the production of crops
and helps to achieve even conditions of the quality
of the final product. Producers are strongly
interested in products offered on the market.
Therefore, in order to be credible, manufacturers of
substrates, especially large companies, try to label
their products registered quality [14]. The choice of
the substrate is the one of parameter that decides on
final effect of ornamental plants cultivation. The
main component of the horticulture substrate is peat
[4]. The ability of plants to respond appropriately to
nutrient availability is of fundamental importance
for their adaptation to the environment. The
responses of root architecture to nutrients can be
modified by plant growth regulators, suggesting that
the nutritional control of root
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development may be mediated by changes in
hormone synthesis [8].
The phytohormone auxin regulates many
cellular responses crucial for plant development.
The most form of auxin in the plant is IAA.
Regulation of plant growth may depend in plant on
the amount of free auxin present in plant cells,
tissues, and organs. The level of IAA in roots
changes during development and is affected by
environmental factors. Application of external IAA
to tissues may change the level and metabolism of
endogenous IAA in the root. Addition of low
concentration of IAA enhances root growth,
whereas a higher concentration inhibits it [2].
Organic matter decomposition is an important
control of soil carbon sequestration and nutrient
cycling. Due to sizable and complex nature of
organic matter, decomposition often initiates with
soil enzyme-catalyzed biochemical reactions. Soil
enzymes, once used as descriptive parameters, have
been appreciated for their multifaceted functions in
microbial activities, soil processes, and ecosystem
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responses to management and global environmental
change [13].
The aim of the investigations was to show the
effect of different doses of IAA to self-preparing
growing media on the development of the root
system of Hydrangea L. and the activity of phenol
oxidase, peroxidase and xanthine oxidase.
2. Material and Method
In the experiment the Hydrangea L. was used
for rooting of cuttings. From April to August 2011
rooting of cuttings was carried out in cell trays with
the use of self-preparing of growing media based on
Polish neutralized white peat (H3-H4) (70% vol.)
from Hollas Sp. z o.o. company mixed with perlite
(30% vol.) and compound fertilizer. Each growing
media was divided into four parts: natural
concentration of IAA (control), addition of 200, 300
and 400 μg IAA kg-1.
The researches of the development of root
system of Hydrangea L. were conducted after their
rooting in preparing growing media. Following
features were estimated: assessment of root system,
length of roots (cm), and number of rooted cuttings
(%). The experiments with rooting of cuttings of
this plant was in line with EPPO norms (European
and Mediterranean Plant Protection Organization -
Guideline for the efficiency evaluation of plant
growth regulators, Rooting of cuttings, PP 1/186(2))
according to which root system was assessment in
scale from 1 to 5: 1 - very good rooting - produced
bulk, 2 - good rooting, roots did not produce bulk, 3
- weak rooting, tips of roots or individual roots are
visible, 4 - absence of roots or callus visible at the
base of cutting’s shoot, 5 - absence of roots,
necrosis of the base of cutting’s shoot.
IAA concentrations were assayed in the
resulting of soil extraction fluorimetrically [17, 18].
The pH was measured in 1N KCl in air-dried of peat
substrates using a 1:5 v/v soil solution suspension.
Ammonium (N-NH4+) and nitrate (N-NO3-) ions
were measured by chromatographic method [17].
Total nitrogen (Ntotal) was determined by the
Kjeldahl method. The total organic carbon (TOC)
was analyzed on Total Organic Carbon Analyzer
(TOC 5050A) with Solid Sample Module (SSM-
5000A) produced by Shimadzu (Japan). Hot water
extractable organic carbon (CHWE) was evaluated by
Smolander and Kitunen method [16] on TOC
5050A equipment produced by Shimadzu (Japan).
Phenol oxidase was determined colorimerically at
λmax=525 nm by Perucci method [11, 17, 19].
Peroxidase activity in soils was measured
colorimetrically at λmax=460 nm by Bartha and
Bordeleau method [17]. Xanthine oxidase activity
was determined colorimetrically at λmax=290 nm by
Krawczyński method [7, 17].
Obtained results were subject to analysis of
statistically with ANOVA and significance of
differences between means was established with
Duncan's Multiple Range test at probability level of
95%. The confidence intervals were calculated using
the following formula: x tα(n-1) SE, where: x –
mean; tα(n-1) – value of the Student test for α = 0.05;
n-1 – degree of freedom, SE – standard error.
3. Results and Discussions
Auxin is asymmetrically distributed in the
root tip, with an apparent high concentration in the
columella initial/quiescent center regions. High
nitrate supply led to a decrease in IAA levels in
roots, specifically in root sections (0-10 cm) close to
the root tip, reducing the auxin gradient between the
root tip and the more developed root zones. It has
been reported that a decrease in auxin concentration
in roots alters cell growth and reduces root
elongation [20]. Our investigation indicated that the
content of IAA ranged from 122.73 to 146.49 g kg-
1 before rooting of cuttings of Hydrangea L. and
from 106.91 to 138.51 g kg-1 after planting (Table
1).
Growing media used for cultivation of plants
beside peat includes coir, compost, bark, perlite,
vermiculite, mineral wool, sand, etc. Choice of used
medium component depends also on the availability
of materials, size and type of container used for
rooting and cultivation methods. The process of
roots forming sometimes takes few months,
therefore growing medium should be sterile, free of
disease pathogens, weeds, airy, well-permeable, of
good moisture content and providing air approach at
the base of shoots [1]. The self-preparing growing
media before and after rooting of cuttings
Hydrangea L. characterized slightly acidic
properties (Table 1). However, higher pH was
confirmed after rooting of cuttings Hydrangea L.
(from 5.15 to 5.35) than before (from 4.30 to 4.34).
The plant root system is highly sensitive to
nutrient availability and distribution in soil. Root
elongation is inhibited when grown in high nitrate
concentrations. The decipher the mechanism
underlying the nitrate-induced inhibition of root
elongation, the involvement of the plant hormone
auxin in nitrate-dependent root elongation of maize
was investigated [20]. Our results showed
significant decrease concentrations of ammonium
(from 71 to 89%) and nitrate (from 60 to 76%) ions
after rooting of cutting of Hydrangea L. The
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amounts of ammonium ions ranged from 44.53 to
83.72 mg kg-1 before cultivation of plants and from
8.63 to 12.76 mg kg-1 after planting in growing
media. Our studies documented that the content of
total nitrogen was significantly lower after rooting
of cuttings of Hydrangea L. (from 7.39 to 7.84 mg
kg-1) than before cultivation (from 8.96 to 10.08 mg
kg-1) (Table 1). Scheible et al. [12] observed a
highly significant negative correlation between leaf
nitrate content and total root growth, suggesting that
nitrate in leaf may act as a signal, reflecting internal
nitrogen status and mediating root growth.
Table 1. pH and the contents of chemical compounds in self-preparing growing media before and after
rooting of cuttings of Hydrangea L with different doses of IAA
Addition of IAA
(g kg-1)
IAA
[g kg-1]
pH
[KCl]
N-NH4+
[mg kg-1]
N-NO3-
[mg kg-1]
Ntotal
[g kg-1]
TOC
[g kg-1]
CHWE
[g kg-1] C/N
Before rooting of cuttings of Hydrangea L.
0 122.73
±35.03 4.34
44.53
±2.09
19.59
±1.10
10.08
±0.11
435.00
±2.24
8.42
±0.38 43
200 134.61
±17.04 4.30
59.13
±3.09
30.28
±3.29
9.86
±0.17
444.10
±3.48
8.57
±0.32 45
300 138.58
±16.98 4.31
70.89
±4.11
32.42
±3.11
8.96
±0.12
442.10
±4.74
8.47
±0.13 49
400 146.49
±34.04 4.30
83.72
±3.11
36.69
±3.28
9.18
±0.14
444.00
±3.23
8.34
±0.22 48
After rooting of cuttings of Hydrangea L.
0 106.91
±29.51 5.20
12.76
±0.10
7.44
±0.17
7.62
±0.11
386.75
±8.07
8.56
±0.37 51
200 114.75
±16.88 5.35
9.81
±0.17
12.17
±0.15
7.39
±0.14
379.90
±4.99
7.62
±0.82 51
300 126.63
±16.88 5.15
10.40
±0.18
10.99
±0.11
7.84
±0.13
365.67
±3.32
8.97
±0.37 47
400 138.51
±33.60 5.22
8.63
±0.15
8.64
±0.15
7.39
±0.12
378.40
±6.96
8.45
±0.79 51
x ±Δ x – confidence interval of average at confidence level =0.05 for n-1 degree of freedom, IAA –
indole-3-acetic acid, N-NH4+ – ammonium ions, N-NO3- – nitrate ions, Ntotal – total nitrogen, TOC – total
organic carbon, CHWE – hot water extractable organic carbon
It was also documented significantly higher
concentrations of TOC before rooting of cuttings of
Hydrangea L. (from 442.10 to 444.10 g kg-1) than
after planting (from 365.67 to 386.75 g kg-1) in
growing media with 200, 300, 400 g kg-1 addition
of IAA (Table 1). This decrease was to 25%.
Additionally, our research pointed out from 7.62 to
8.97 g kg-1 concentration of CHWE before and after
rooting of cutting of Hydrangea L. with different
doses of IAA. Soil organic matter is a critical
component of the soil-plant ecosystem. It constitutes
the major part of organic carbon. There are different
class of biogenic, heterogeneous, dynamics and
refractory organic compounds, characterizing
various contents of carbon and nitrogen having
molecular structure. A principal feature of organic
matter is its ability to absorb and retain water
molecules as well as reduced soil biological and
enzymatic activities [3]. According to Janssens et al.
[5] fine root growth may represent up to 50% net
primary productivity, making it one of the main
pathways through which carbon enters the soil.
There is, however, a high carbon cost associated
with the rapid turnover of fine roots. Building new
root biomass not only requires carbon skeletons to
produce cellulose, lignin and other structural
compounds, it also requires metabolic energy
(growth respiration).
Significant and sensitive indication of the
degree of humification of the organic materials is
C/N ratio. The investigation has shown that the C/N
ratio was similar before (from 43 to 49) and after
(from 47 to 51) rooting of cuttings of Hydrangea L.
and with different doses of IAA to growing media
(Table 1).
The investigations have shown significant
increase of phenol oxidase activity in Hollas (from 3
to 55%) in Hydrangea L. with 200, 300 and 400 µg
kg-1 addition of IAA after rooting of cutting of
plants than before planting (Table 3). The highest
phenol oxidase activity (9.17 µmol h-1 g-1) was
found at 300 µg kg-1 addition of IAA after rooting of
cuttings of plant (Table 2). As it is well known, that
phenolic compounds are the component of auxin
protectors and controllers of IAA activity. Oxidation
of phenolic compounds to quinines catalyzes the
phenol oxidase. The activity of extracellular phenol
oxidases may therefore affect the retention of carbon
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in the litter and soil environment directly via the
breakdown recalcitrant organic matter, and
indirectly by releasing extracellular hydrolase
enzymes from phenolic inhibition [15].
Our studies were confirmed statistically
significantly higher peroxidase activity after rooting
of cutting of Hydrangea L. (from 2.92 to 5.49 nmol
h-1 g-1) than before planting (from 0.65 to 0.82 nmol
h-1 g-1) (Table 2). Moreover, the highest increase of
this enzyme activity (87%) was observed in growing
media with 400 µg kg-1 addition of IAA. Klisurska
and Dencheva [6] noted that increase of the
peroxidase and IAA-oxidase activity in the
differentiation zone of the primary root coincides
with the accumulation of the greatest quantities,
diversity in the composition of the phenol
compounds in the end of the elongation zone.
Our investigations showed statistically
significantly lower xanthine oxidase activity after
rooting of cuttings of Hydrangea L. with natural
content of IAA (2.43 µg kg-1), 200 µg kg-1 addition
of IAA (2.17 µmol h-1 g-1) and 400 µg kg-1 addition
of IAA (2.45 µmol h-1 g-1) than before rooting of
cuttings of Hydrangea L (3.76, 3.38, 3.60 µmol h-1
g-1 respectively) (Table 2). Xanthine oxidase
catalyzes the oxidation of hypoxanthine to xanthine
and latter to uric acid, although it has low substrate
specificity, oxidizing also several purines and
aldehydes at a lower rate [9]. According to
Montalbini [10] highly active purine biosynthesis
and purine oxidative degradation are metabolic
features of nodules-the specialized organs produced
by symbiotic association of many plants and N2-
fixing bacteria.
Table 2. Enzymes activity in self-preparing growing media before and after rooting of cuttings of Hydrangea
L. with different doses of IAA
Addition of IAA
(g kg-1)
Phenol oxidase
[μmol h-1 g-1]
Peroxidase
[nmol h-1 g-1]
Xanthine oxidase
[µmol h-1 g-1]
Before rooting of cuttings of Hydrangea L.
0 5.02±0.11 0.66±0.02 3.76±0.15
200 4.21±0.64 0.65±0.05 3.38±0.13
300 4.06±0.72 0.82±0.07 3.60±0.14
400 5.94±0.22 0.69±0.04 3.60±0.15
After rooting of cuttings of Hydrangea L.
0 8.45±0.84 2.92±0.17 2.43±0.15
200 6.24±0.60 3.30±0.15 2.17±0.29
300 9.17±0.26 4.94±0.17 3.25±0.35
400 6.13±0.15 5.49±0.16 2.45±0.13
x ±Δ x – confidence interval of average at confidence level =0.05 for n-1 degree of freedom
The study documented that self-preparing of
growing media and mixture different doses of IAA
had a significant effect on characteristics of rooting
of cuttings of Hydrangea L. The weakest % of
rooted cuttings (77.7%) was obtained with 200 μg
kg-1 addition of IAA.
It resulted on assessment of root system.
The highest % of rooted of cuttings this plant
(100%) were noticed when 400 μg kg-1 of IAA was
added to growing media. It was in line with
assessment of root system and the length of roots
(Fig. 1, Table 3).
Figure 1. The effect of self-preparing growing media for rooting of cuttings of Hydrangea L.
Explanations: 5/1 - natural IAA content, 5/2 - 200 μg kg-1 of IAA, 5/3 - 300 μg kg-1 of IAA, 5/4 - 400 μg kg-1
of IAA added to the growing media
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Table 3. The effect of self-preparing growing media for rooting of cuttings of Hydrangea L. with
different doses of IAA
Addition of IAA
(g kg-1)
Assessment of root system
[1-5 scale, according to EPPO]
Length of
roots
[cm]
% of
rooted cuttings
0 2.76 c 1.80 abcd 87.5
200 2.91 c 2.10 bcdef 77.5
300 2.82 c 1.90 abcde 87.5
400 2.16 b 2.30 def 100.0
Average designated with the same letters are not significantly different at α = 0.05, EPPO-Evaluation
of the root system in a scale of 1-5, according to EPPO standards
4. Conclusions
Our investigations showed significant
increase of phenol oxidase and peroxidase activity
with 200, 300 and 400 µg kg-1 addition of IAA after
rooting of cutting of Hydrangea L. than before
planting. Opposite trend was noticed for xanthine
oxidase activity. It was observed that xanthine
oxidase activity was in line with the changes of
TOC, N-NH4+, N-NO3- and Ntotal. The highest % of
rooted cuttings of this plant was obtained when 400
μg kg-1 of IAA was added to growing media. It
agrees with the assessment of root system and the
length of roots.
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